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RI!F SURVEY OF GER!.N INFR.RED DEVELOPVENT

G. K. Willooko
Chiof, Ldvanoco Radintion Unit, Liroreft Radiotion Lab.,
Elootrrnios Sub=Divisisn

I am suro all of us, ot ono timo or onothor, hnvo m~rvoled ot tho
many spootnoular dovioos thrt woro usod during the war, both by us ond
our onomils, Caroful thrught will btring out tho faot that cnly obout
feur or fivo roally now idors rr dovolopmonts ommo to lizht, First on
tho 1ist would be tho roolizotion of tho phyvsioist's droom, otomio onorgy.
8ocrnd plooe con oasily go te roder, tho utilization of rodir, wovos to
Joorto planos and dc hundrods of othur things, "o oannot ignora tho
proctiool opplication of rcoket propulsion thrt mndo tho V-2 a radieslly
now woapon, Tho uso of ponieillin, tho varirus sulfo drugs oni other
almost miraolo modiotl oids should oocupy ono of tho placcs on this list,

To mako thd. 1ist o:mploto wo rmust odd tho military appliocticn of
infrarod radintion, I do not mean to imply that this vms onywhoro noor
os importent ns tho cthurs, It w:s howovor cno of tho roally now idoas,

Tho disoussicn this oftorn~on will 1sn] with tho mothbds ond dovioos
as utilizod by tho Gormans, I shcll ottompt t- give ycu a ocrnoiso -vor-all
pioturo of tho G.rmon offort. Drs, Woiha 2nd Fisohor in thoir papors
will rosont dotailod and spooifio dato on spooiciized phasos of tho art,

A word chout ny souroos of infrrmnticn, Tho matoriol I shall prosont
in this papor 1s of nooossity soocnd hand, By thot I moan thot I wms not
o monbur cf ony of tho v.ri~us invostig-ting tooms thot ganthorod infurmation
and oquipmont in G>rmery, It was glooned frem tho v ricus olnssifiod
intollironeo ronorts onl was soourod by u long tut intorosting job of
idontifying Gorman IR oquipmont, putting it tcgothor nnd ottompting to mako
it werk, It wns mnthorod thruugh convorsntisns with mombors of vari-us
invostigating toams ond Gorman soiontists, and lostly all of tho information
wos tiod togothor ond vorifiod with roforonoco to otpturei Gorman d-oumonts ,

.As many f yeu in tho fiold ¥m-w, tho ronl dawn rf infrarod oamo in
1935, It was at this ti-o thot sovoral invostigatcrs in this ocu~try .afd
srmo mon in Girmony, and porhaps cthor ocourtrios, turnoed towerd tho applien=
ticn of IR rodiation to tho soluti-n of ocortain militery probloms, Sugres=
tion olcng this 1ino hal boon mnic onrlior, os far bnok os 1919, 1In fact
tno or two nttonpts aleng tAis lino w ro tried during "erld Yor I,

Just what woro thoso militarv procbloms? Porhaps tho boas answor to

this quostion {s simply an ommoraticn of tho usos to whioh IR has boon put,
Por oxamplog

ay Tho uso of imogo=fcorming dotoot~rs fcr night vision with IR illumine
ati:n,

Dotootidn nf hontod rbjoots with imnpo-frrming or nonimege=forming
dotootrrs,
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8ignaling, 1,04, trensmission of vrico intolligence, blinker-
signaling idontifiontion, oids tc navigation, and infrared rador,
Horo rnicr is usod loosoly t¢ monn the dotooction and tracking of
plenas nnd ships,

4, iscollanocus oppliocti-ns, such os pr-ximity fuses, autcmatie
gunfiring, oructing IR barriors, oto,, oonocludos tho list,

Now whrt wns tho strto of tho art in Gormany? Ganorally spooking,
tho G..rmans woro choat of us in cortnin respoots, On tho wholo, the
infrarol dovicos thoy hol, porfrrmod bottor than curs. Tho reos-n was,
and I want to mnka this point oloor, that vory few of thoso dovicos woro
manufacturad in largo quontitios, Tho Gormans had a groot varioty of
doviocos, but of somo m dols only 5 tu 10 ond ovon loss woro aotuclly
built, Tho fret thot thoy woro otpturod ot tho frint dcos not moon that
thoy wor« widoly usods it Just moans that tho ronl preving greund, the
bottlo front, was Just criurd tho onrnor for tho Gurmuns, For oxamplo,
Tho Gurmon Bildwardlor BIW. tubo, oquivelont to nur mass-prcduced 1P25,
perf:rms bottar, but oconnot bo mass producod, It is a boautiful oxo-plo
of tha zloss blewsrs ort with its verisus gloss=-toemutal Joints, tut o
hoodocho t< o tuba monufucturor, Our infrorod vicwing dovicos wore light
and portablos tho Gormen dovicos woro olweys much hervior, It is importont,
whon ecmpnriscne oro mado, thot wo corofully oconsidor oll tho foots,

This immodiatoly pivos us o oluo to tho answers of o ocuplo of quostions
thot usuolly orvp up aftor o porson soos tho toohniocol oxeollonco of Gorman
IR oquipmont,

Quastlicn ono is: Vhy did thoy fail t- meko oxtonsivo tootiocol uso of
IR? Tho enswor is sinply thnt tho doviee as o rulo oculd n:t bo manufacturcd
in lerge quantitios,

Tho soo:cnd quostir~n isy Wh- is the Garman IR n-menclature (equipmont
nomos) 8¢ mu?ilod? In dirzing thrrugh tho liternture, rno scen booctmos o-ne
fusol with tho uso rf §: mnny nones and modols of dovices, suoh as ZIELGERATE
FJ.HRGERﬂTE, ORTUNGSGER.TE, BECB. CHTUPAGERNTE, TAGESGERLTE, SEEHUND, ADLER,
IGEL, V.''PIR, FALTER, ™%, UHU ond many, mony cthers, Tho Garman - had
nany nrdols, but reclotivily fow of sach mrdol, I sholl not attampt to
oznfuso ycu with tho vrrirus dovicos, but rothar discuss tho gonoral typo
of tha oquipmont in oooh ocaso,

Lot us ocnsidor first of oll tho v-ricus typos cf Gorman dotootors for
IR radinticn, They aro basiocolly of tw: typos, the nomima~o forming ond
tho im"go £ - rminge, H.ro in slilo No, 1 wo havy a chart shiwing tho usoful
neninenpinis lotoot  rs.  Of spooinl intorost is tho dnta in o-lumn 33 tho long
wavolonsth lirit : £ -purction, Tho limit f 16 mu givon for thormooouple
ond b:rlcnator is cbviously tho limitoticn 4uo te tho blockoning lay.r of tho
1ovico,e

I shell nct spond ony time on tho first ono on tho list since most of
you oro f-milinr with it, I sh-uld liko tc Adiscuss in s:mo dotoil tho noxt
throoe 411 of thoso, tho thallcfilo, lood sulfiio, leod solonido, nnd loed
tolluridu, oll dopond un tho innur phetoolootrie offoct, I shall nct go
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indo detail concarning the thscry of the photoconductive affsot of semi-
eonductors for ths story is still not vsry clsar, There are many rough
spota in ths theory that must he cleared up, Tha effect itself has baen
knowr. for a long time, J, C, Bose received a patent in 1901 for the dis~
covary of the fact that natural galena orystals changed their resistance
when illuminated., Some of you may be familiar with the old Casc cell as
doscoribsd in the "Physical Roview" in 1917, The Cass cell was sonsitive
in the infrared, but was very delicate, It had to be handled with kid
gloves, 8o to spoak, The Germans improved on the Case cell with their
thallofide cell but the PbS o0sll soon roplaced it., It appears that the
Thallofido cell was broupht to a higher state of perfsotion by Cashman
in this ocountry than by solentists working in Germany.

Ths lead sulphide 0ell was v of the projects on whioh the Germans
raally oconsentrated, The follewing insident will serve to 1llustrate this
fact, In 1942 the Germans held e symposium on infrarod teohniques. Expsrts
in the field prosented a series of 15 papers during the two-day scssion,
Out of these 15 papers, 8 doalt with tho semioonducter cell and slosely
relatod toples,

A great doal of tho serious work was done at AEG in Kiol, The work
startod with natural galona orystale, Sovorel oolls, made of e geometriec
arrangemont of orystals, woro built, Thoso colls wore not bad porformors,
but you oan imagino that they wore naturally quito dolicato, Tho noxt
step obviously was tho utilizetion of synthotis PbS layors. It was soon
found that tho sonsitivity sould bo inoreascd by o factor of 20 to 30 if
tho tomp :raturo of thu cull was brought down to that of liquid air. Up to
this stago of tho gamo, thuso eclls oxhibitud quito a pronouncod photovoltailo
offeots Soon o0olls could bo producod with no photovoltalc offect ot all,
but porformod oxoollontly as photorcsistivo olcmonts. At first, liquid air
was usod for onoling, but this wns not a practionl mothod, Solld carbon
dioXido (dry 1co) would bo much moro dosirablc coolant, Unfortunatoly, tho
80lls soomod to havo a stoupor improvomont gradi.nt nonr tho liquid alr
tomporaturc, Suon, howovor, colls wiro producod -+hoso optimum porformanoco
actually contorod around -65°0 thc dry=ico tompernturce, This was a groat
stop forwvard, for it allowod & sound mochanionl dosien of thu ooll, Horo are
somo viows of o standard ooll, (Figs. Xi, X2) 4 plug of dry 1co, producod by
6 simply oxponder mold anttnchod to & stondard COy oylindor, wns hold in
contonot with tho wall on whish tho PbS was dopositode A chargs of dry 1co
would last from 6 to B hours., Tho oolls woro mrdo in soveral sizos and woro

fittod with Durnn glass or quartz windows, Tho appliod voltugo was ronorally
around 50 to 100 volts,

whon tho war ondod, tho lond-solonido coll wns boing workod on os
onorgotically ns tho PbS coll had boen bofors. Tho probloms wore similar,
Tho selonido o0oll has tho distinot advantago of having o gronter long wnve-
longth limit., It was dosignod spooifionlly to utilize tho L-mu atmosphorie
window, Dr, Fischor will havo moro to sav ctout tha charsctoristics of the
wvarious oolls in tho sveond papor this aftornoon.

Tho next slido shows a owmpilntion of data of imago-forminz dotoctorse
The first is tho cosium~-oxidy sr thodo-imcgo-oonvortor tubo, This is basieally
tho sloctron toloscopo of Zworo'yn and Morton, Noto that it is considorod
. =3.
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4he standard of oomparison, I shall have more to say about this tube in
dotail later on, Tho next two on the 1list havo nothing to offer ss far as
inproved purformanoo, except that for oertain appliocstionsy thoir other
sdvantacas ocutweigh thsir laock of rorformanos, The fourth one is rather
novel, Unfortunatsly non~ of the - uipment is awailablo for display.

The ewaporograph or EVACEWAT of Csorny 13 quito simple, but novortholoss
very spectaculnr, It is a truo thormal dutootor, A thin film of volatile
04l is denosited on o tarFet mombrano, An optionl system, effeotiva in tho
modium IR rogion, forms an imaro on tho membrano, Visible lipght is filterod
out and only tho heat radintion is usad for inepe fo-mation. Tho difforen-
tisl heating of tho membrono by tho imago oausos evaporation nf the »il
laysr at difforent ratos at difforent upots, thus ohanping thu thioknoss

of the film. Illuminaticr with visiblo light producos & visiblo imago due
to the interforonce phonnmona, Attompts to bring this oquipmont from tho
laboratory state to the practical stato weru not too suoccossful. The f{notors
involved in the opuratiom must be orntrollsd vory ripidly and nnyons who has
worked with sorvico equipment knows whut hoadnchos would crop upe. Inoidontly
the time oonstant is vorv lonr at low source luvols, Here howevor is dofinito
proof that a ploture oan bte produced by thormal moans, Porhups this ovaporo-
graph of Csorny i1s tho oraok in tho door to that tantaliziung land of thurmal
imaging, It mav provido you with idons,

As fer os IR phetography goos, tho uso was naturally limited, Wo
should considor it horo rathur dbriofly, simply to muke tho survoy oompro=
hensive, Thu oumoras usod, naturally, wero fittod with long fooal-lungth
lenses, sinoco the grontest application in t"is fi:ld was tho photography of
distint objeots, Lonsos with a 3 m fooal loncth and £325 aporturc wore
used, Spooial oumoras with an intorchanpusnlu negativn lons sytom gave
fooal lengths up to 4O moters. Spcolal film mrntorinls woro availahlo from
Agfa that had sonsitivity peeks at §475, 0.65, 0.95, and 1,05 mu,

IR photogranhv was usod prefcrontially for rudennaissanoo purposos,
such c& dstermirine chanpos in builiing construotion, the dctootion of
osmouflapgo, tho doteotion and phot. "rarhio obsarvntidn of convoys in tho
ohennol, oto, Ono of tho 3 m fooal=-longth cumoras was usud to photograph
tle radar installations on tho Dover oonst, A subsoquont oxposuro with a
spooial 26 m, fooal-lunrth camoru gnave onourh dotail to onablo tho Gorman
teohnioians to dotermine tho wavclongth from the antorma dimonsions,

Tho positions of oross-channul guns and soarohlights wera loonted ty
tho simplo oxpodiont of oxposin; thu plato at night, and then without dise
turbing anything to produco a duylight doublo oxposure. Storeographs on an
800 m bas- line wure also taken, g

The phosphorosoent imare converter was evidently not used oxtans!vely‘,
The prinoiple of opumtion is that o special phosphor is put into a mota- .
stablo state by radiations of short wuavolungthe - Aotunl flourescence is *
produced when tho muta=stahle phospho. 1s illuminated with IR light, Ths
sdvantage of this muthod is its extremo simplicity, Small viewers can be
Wilt at o very ronsonuble oost, The KATERJERAT was suoch a devioo, It was
& light instrument, woighing less than 500 grams, that o¢uld be produced
rather chuaply in oampurison with eloctronio instrumonts, Roughly specking,
the sonsitivity was approximrtely 500 to 1000 times loss than the normal

-h.
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oloctronio Bildwandlor, It did ho* ‘or sorvo n vory good purposo, A prtrol
loador oould dotormino whothor ho waus boing illuminntod with IR bsoruso tho
rango of o KATERGERAT aguinst a spotlight wns groator than the olootronio
viowor was with tho light,

An ovon sivplor dovioo was on infrarvd phosphor button thot oould bo
worn cnd usod as o warning dovioce whon tho person booamo an IR targot, It
olso had its usu in marking land-mino fiolds and othor aroas, &n infrarod
flashlight bornm would moko thoso glew buttons light up,

It 1s worthy of noto that tho work on phosphorus was dono for tho
most prrt at tho Philip Lonard Instituto at Hoidolborg by Professor A.
Bookur and nssoointos, Thoy ovidontly did sucoood in proparirg o phosphor
whoso longor wovolongth 1imit was in tho vioinity of 2 mu, Tho big
diffioulty soomod to b0 in the laock of stnbility,

4 glanoo at tho last slido ghows that I havo boon working baok toward
tho first viowor shown in tho ohnrt, tho oocsium Bildwandlor or imugo oonvortor,
It is by for tho most importanb ono on tho list. It 1s porfootly felr to
say that moro military applicntions mado uso of this devioo than any of the
othors.

For tho bonofit of somo of you who may not bu familiar with tho imngo=-
oonvortor principlo, may I toko a fow seoonds to roviow briofly tho oporation
of tho tubo, an imago of tho objoot, cithor 1lluminntod with IR or a solfw
emitting IR sourco, is formod by an oxtornal optioal systom on photoonthodo
of silvor-oosium oxido, Tho 1liboratod olootrons puss throuzh an olootrostatio
£i0ld whoro thoy aro aocoolornted ond foouscod on a flourosocnt sorgon -rtharo
a visiblo imaro 18 formods Tho im:7: is gon<rally viewod with tho aid of o
magnifior, Thu primary imcrgo i1s fil% .rod to allowr only tho long wavolcngth
oomponont (abovo 0,7 mu) to activrto tho euthodo, Tho doop rod filter usod
provonts the octhodo from boine domapod by oxooussive illumination in daylieht,
ond sorvos the purposo rt night of pravonting tho visidle conponont from
roemorging through tho objootive, nnd thus botraying tho position of tho obasre
vor, Tho tubo, as you oan soo, is vory simplo in oporctions not simple in !
oonstruction,

Ths wholo systom 1s thon simply a torrcstial tolosoopo in whioh
eroctior of tho imago takos pluoo in tho olostrostatio lans, Tho transfors
mation of IR to n visiblo imago is also o:rriod out in this portion of tho
syston,

Lot us now look ut somo of tho faotors that nood bo oonsidored to
devolop an offiolont IR imaro oonvirtor, First of nll wo nust havo a orthodo
that will onit as meny oluotrons as poasiblo vhon illuminntod, nrd as fow
themal olootrons us possiblo. Tho silvor-cosium oxideu onthodo is tho only
ono thet onn bo oonsidorod, As many of you know the produotion of suoh a
transparont oathodo 1s quito oomplox, Tho total sonsitivity and spoctral
rango ocn bo shiftod quito roadily by tho thioknoss of tho silvor layer, tho
emount of froo cosium, and by tho mothod usud in thu produotion of thu onthodoe
Unfortunr. toly, tho limit of soneitivity on tho long=tvmvo ond is anround 1,2 mu,
Our oonstant wish and hopo (not too muoh hopo oithur) for a cathedo going.
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to longor wavolonghts and of groontor sonsitivity, seoms to have boon sharod
by tho Gormans, Thov rooopnizod tho axtremo diffioutly of this Jobe A
roduction in work furction is noodid, without inoroasing the thermal and fiold
omissions,

Thcro nro two othor wnys in whioh tho imago tube oan bo improved, in
ordor to ~ct an npparont incronso in sonsitivity by an actual inoroeso in
brightnoss. Tho olctrons could bo givon groutor onorgy by inorousing tho
nooolurnting voltagos Tho Gormane ovidontly wont as for in this diroction
as praoticnl, Opornting voltagos up to 20,000 volts wors not at all unoommon,
You can soo tho addod &ifficultios that higheoporating voltagos of this
magnitudo would ongondor,

Tho third mothod of produoing approoinblo gein in opsrating offiolionoy
is improvmont in tho flourosocont soroon, 4 phosphor hoving grent oonversion
offioionoy is vory dosirablo, It is, of oourso, nlso nooossary that tho
wistal output bo in tho spootral rogion of maximum oyo sonsitivity. 4 truly
fino grain structuro will dofinitdly inoranso tho possibility of good rosolu=

Oony

8o muoh thon, in a suporfioial way, conocrning tho imago tubo. Tho
Gcrmons admittodly oarriod tho improvemont of onthodo=foousing svstom and
soroon to n vory high stnto of parfoction, Improvemont in prosont tubcs
can only oomo slowly rnd painfully, Tho bost bot sooms to bo tubos oporating
on n somowhat difforont prinoiplo,

8inoco I hevo attomptod to givo you only r. vory gonorcliszod pioturo of
tho Bildwnndlor of BINA system, suppose now o oonsider tho moro dotailed
operation of tho imnge tubo., In this slide (Le=A) we have a dntailod schemntie
oross sootion of nywowo: thodo imaro oonvertor tube, Sinoo tho potuntianl
gradiont in tho vioinitv of tho phe'oont-odo is rothor smnll, considornblo
sonttering of oloctrons would normn ly take plnoo., Thoso oloctrons must
bo oollcetod wnd brought to a point on th? scroon, Tho ooll:zction and
foousing is froilitrtod by this curvod erthodo, Woto that thn fiold 1is
ourved oonsiderably so that radinl aceoloration tnkos plnoo, This simplo
ourvod onthodo, hollow oylindor anedo arrancoment cuan roadily producc an
noooptnblo pioturo, It is intorosting to noto that duo to tho oylindrical
anodo tho oat' odn potontial fiold oxtonds somowhat boyond nnd into tho anodo
opening, This ficld produocs o radinl spronding of”cot on tho boam that
noarly offsots tho offoct of tho oonoontruting fiold, thus produrin;: almost
perallol olsotron rays nnd shifting tho foonl plnno boyond tho normal positi
Tho very fuot that tho rays oro nourly pr.rullul during tho last ono-third of
this journoy +ivos us a groat dopth of foous, Tho rosolution oan bo mado

appregimutoly SO 1inos/mm nnd tho two oloctrodos simplify tho dosizn and
oporation,

To utilizo highor voltagos, tho throc=clootrodo tubo was a lé~ionl
dovelopmont, Tho addition of tho sooond anodo, allows o muoh highor potontial
with tho rosultunt inoronso in brightnoss, By moking tho potonticl on tho
sooond anodo or thu oathodo vnriabli, thc fi0ld prttorn ocan bo so adjustod
that botter foousing will rosult, Actunlly it is possiblo, acoording to n
Gorman report, to soouro o rosolution of 1000 linos/mm, nlthough tho ~rain
of tho soroon will nover allow such n figuro to bo roachod in an aotual tubo,
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In order to roduce the high field emission from tFe cathode, a ooniocal
eathodo shiuld is introduccd, This roduces thc potentinl rradiont near the
onthodo, and thus roducos this disturbing omission to nn approoiatlo oxtant,
By ooéling, tho thormcl omission ean bo reduced to a negligiblo valuo, Thus
tho bas"pround brightnoss can bu roduced so thet grontor sonsitivity cen bo
achieved, It is olaimod that tho sonsitivity oen be enhancod to such an
oxtont that radiation from a blaok body at 2108C can bo dotectod,

Obviously tho numbor of anodos is not limited to 3, nor is tho voltage
1imitod to 20 or 25, Exporimontal tubos with 5 anodos and 50,000-volt petone
tials havo boon built, Roinvorsion of tho imnjsd by elootronio moons has boan
esocomplishod, although it is of no purtioular valuo, A veariable rnognifiontion
tube, as a rosult of vurying tho foonl Rongth, has also boon triod,

Hore aro throo tubus as actually producod und usod in preotioo,
(811de) I'm showing thoso ns typionl oxamples, Thu AEG tubo with its
charaotoristic ourved o thodo und flat sido is tho modium size of thoir lins,
Ths othor two aro Roiochspost tubos, a small ono, tnd a medium~sizod ono, Thoy
hevo flat oshtodos and ocurvod sidss, Eaoch firm produced throo sisos. 1
boliovo that most of tho tubos uro on display.

Mony nttompts to mot groator sons!tivity nond longer wnvolonghts oporas
tion havo boon made, «~ tubo using sooondary omission had boon built by AEG,
An inoronso of brightnoss by a factor of 20 oould bo achisved, Tho big
difficulty wos tho difforonoce in volooity at difforont points in ths vloctron
stroam, Anothsr attompt, not oo suocossful but promisin~, wzs this doublo~
imapgo oonvortor, (S1ido 7a.)s Horo wns u trua oloctronio light amplifior,
but tho diffioultios wurs tho luok of dofinition, In ordor to got maximum
dofinition tho sop:ration botwoon tho soroon of tho first tubo rnd the o~thodo
of thn suoond tubo must bo oxtromoly small, nnd that is vory diffioult to
achiovo,

Elovotron mirrér tubos using PbS or othor somioonductors havo t.on
triod, and a pgrout doal of work was boing donc at tho closo of hcstilitios,
Thoy aro oxtromoly intorosting and promising, You will rooall the first
slido showing tho various types of nopimago-forming dctoctors., Tho limit
of the oxturnal photooluotrio offoot is approximrtoly 1,3 mu, whilo tho
photooonduotivo typo of 00ll goos out to 5.5 mu and porhaps bottor, If now
6 roasonatly sonsitiva photoconductivo=imamy onnvortor oould bo built, it
would bo possiblo to soc objoots nt raasonchlo tomp-ratuos by thuir solfe
radintion, Thus wo oould uotually so. nn "imago" of a man providod tho
baokground would bo at a lownr tomporcture,

Tho oporating prinoiplo 4s rolativoly simpl s 4in IR imro is pro=
Jootod by optionl moans on cn oleuotron mirror consisting of o thin f£ilm of a
somioonductor sush as PbS, Tho intrrnal photoclootrio offuot ohangos tho
oonductanou of tho mat ria” in approxim toly dircot proportion to tho amount
of light falling on tho leyor, a thormionin ofthodgy units o uniform stroom
of oluotrons thot is allowed to fall on this photosomioonduotor, This homo-
gonoous elootron struam is of oourso norcloratcd, and thon slowod down so
that tho "ponotratinn onorgy” of tho oloctrons can bo oontrellud aoccuratoly,
The ratio of porotration into tho lay.r ovur tho rofloction is thcn o funotiow
of tho ohnraotoristiss of tho matorial and inoidont illumination, Tho rofloge
tod stroam is thon divorend by & magnotic fisld, aocolarutod andi foousod by oy
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olootrostatio fiold, and then forms n visiblo inage on the flourescent soreen, oy
Tho notual operation of roflootion from this olostron mirror dopends upon tho
potontinl whioh 4s built up by tho incidont homogenoous eloctron stroam on

tho uppor surfaoo of tho somioconductor onthode and on the transparent motullio.
oathodo support, As a rosult of tho high rusistance of tho FbS layer an aotus,
®potontial grodiont pieture™ is built upe Tho noxt slide shows what kind of

wvisual imngos oan bo achinvod,

I havu roforrod oonstantly to'PbS as an olectron mirror, actually the
uso of FbS as sunh had not progri-ssod boyond thu preliminary stazese I
roforred to it meroly boonuse I h-d disocussod it to somo longth boforo as the
bost nllearound somioonduotor, In tho expzrimonts that tho Gormuns performod
with oloetrcnemirror tubus, thoy actually usod r Bismubh solrnido-selonium
surfaco, although tho rosponso wont out-te nbout 2 mu, th: sonsitivitv was
approoiably lcss than the ordimary imngz tuba, The roason thet tho load
sulfidos, tollurides end solonidos oannot be used at tho memont is thet
/ suffioiontly hizh rusistncoss havo not boon echicved, Tho oxporionoo of Gor=
man workors showod that in ordur t> produce ¢ usablo piotura with n livht
wvaluo of approximately cno lux, a spooifio rosistance gﬁ 109 ohma/om is roe
quirod, PbS ot room tompsratury has a vanluo of nnly 1 ohm/cm? By oooling
to the tompurnturo of 1iquid air, tho v=luo socs up tc only 6x10/ ohms/em,.
¥o doubt this imngo tubo can bu jmpruvud snd vvontuslly brought to thc point
whero praotioal opuration ean bu oxpactod, but pregress will bo slow unloss
somo othor more faverablo maturizl oan bo found,

8inoo I huvo oovorod tho thoory of tho imnzo tubo moro or loss in
dotail, lot us now turn our attontion to somo of tho notual appliontions, The
Pig=ost uso of tho IR imazo oorvort rs or Bildwmndlors for night vision with
roflootaud IR lizht was tho ammy, Thov hcd oquipmont ranging from tho small
VANPIR for mounting :n a riflc, to tho lar-o GROSSBILDW.NLLER with 60«to-90=am
mirror objootives, Tho oommen uscs for IR viowing dovioos wores night driving,
armorud vohiolo firo ocntrol, and small arms firs oortrol,

w

%
¥

Fer nipht driving tho vurisus FG (Pahrrorfto) -v:ro usod, Tho nood
haro was for a rulativoly lerse dinmotor vicwing lons so that both oyos could
be usod for viowing, Sinoo tho instrumont w.s fixod in position, a fnirly
wido angle aof viow wus dosira, thus tha lunsos w ro roncrally of shortor fooal
longth for this nppliemtion, Fur 1light sources, IR filtcrs woro slipped over
tho normal hondli~hts, or osnvarsoly, if IR spntlights woro to bo usod for
driving, o si~plo boam-sproadcr lons wns pliocd in position, Various ronorts
stntod, and thiro is no ronsm tc doubt tho stntomont, that it wns possible to
drivo as woll with this oquipmont as with normel ligchts, I do imagino that it
did tnko a 1ittlo timo for tho drivors to ccnvinoe thomsolvos of tho faot,

Y L S

For pun-loying oguipmont tho torm "ZIELGERKT" wes usods In ronoral
this oquimont ccnsistod of n BIR. systnm of largo aporturoc and fairly narrow
anglo of viow, nnd a nnrrovebeam scarchlirht, both boro-sighted with the gun,
I havo somo pioturos horo of n typionl installnticn, This happons to bo tho
Z6 1221 (Pix 10a 11la 122a)¢ Tho soarchlight is a 100wl2V unit using & narrow
boam to got a rongo of 300 to LOO me Tho visible oompenont 1s oliminetod by
a doublo IR filtor,

RESTRICTED




RESTRICTED .

Tho viowor had o total magnifiontion of li timos and the anghe of view
was 10°, of vhich tho oortral 5% oxhibitod meximum rosclution, Tho operating
wvoltage providod by tho power supply was 18k The powur supply requirod the
standard 220v.C whioh vms dolivorod by thu invortor from tho 12vstorage
battory, fnothor vorsion of tho semc oquipmunt mountod on a small antisank
gun is shown in littloc moro dotail in the naxt four slidos, (Pix 13a lia 15a
16a), I mirht montion that the rofloctors usod were of very pood quality
and tho hulb wns always a sphorieal ono, with tho unper helf aascuratoly
silvorod tc & vory bright mirror finish, Tho bulbs wore ovidontly manufactured
to vory clesc tolcrtnoos, fer tho rofléctod imoge of the filement was supare
imposod uxactly on tho filamont its~!f, :

To provide n sipghting rotioculc, a small flashlight lamp wns usod to
prejoct a tiny phetograrhio slido-siphting cirels onte tho eathedo, ZThoro
is an intorosting anple in oconnuction with this sichtingeoirele projection,
It would apponr simpler to jast scratch srosshoirs cn tho flcursscont soroan,
in fact this is anctunlly donoc on somu of tho 1lirhtor oquipmont, However sinoe
tho olestron stroam is affocted by a mamnatic fiold as 'voll as an oleotrie
ficld, tbo oarth's mu ‘netic fiold, oconcontratud by tho mass of iron of tho
gun and mcunt dnos dofloct, and mry distort the imnco, If the imaco of tho
sizhting roticuls is distrotod end shiftod by tho same amcunt, nc harm is
dono,

A similar picco of oquipmont is the IGEL III as shown in tho noxt ,
picturc (17a), It vus dosigned for naval us: with a stand.rd 90 om scoroh-
1¢ght covored with an IR filtor, Noto tho sizo of tho 3u em £3145 ebjootivo,
fho anglo of viow vms 6%, Thu ran~o with tho abovo-mentionod suarchlicht was
5,000 mq¢ Ranzos like this oan bo nchicvedonly with lurge soarchlights loented
at somc distanou frem tho cbsorvins instrumont, othorwise tho seatterod 1light
from oven & wollecollimntod boam will block cut tho viow, Larpor soarchliphts
wore uscd, rnd wvith ovon larper objoctivos on the viowors, rencos up to 10 ka
oould bo achicved,

Plonso undorstend that such rangos ooculd bo nchicved only with large
navy aprarntus, and thon only undor idoul conditions, Tho bust rangoe on
land was porhans uchioved by the UHU oqu'pmont. This ccnsistod of a 60 om
earbon nre ... sonrchlizht with o L0-em IR filtur, trother with 6 kw porur
supprly, mountol en a halfe-trrel, Tho uso of this vrhielc was mainly for
lording tanks rnd for roconnnissanco, A formetion of 5 Tifer tonks would
havo onc UHU, This anubled tho trr - to approsch clos: onough to the targot
sc thut thoir own wimine oquipment © it» r [OOemotor range could bo brought
into play. ¥With tho halfetreek previdine the illuminntion, tho tanks could
usc thoir viowers Lo firo nt abeut 700em renzoe, Thc maximum rango of tho
UHU squipment wsth n larpe viowor wns abewut 1500 me If, for s'mo ronson, it
was not dosirablo tco attnok usinz the IR cquipmont, tho UHU halfe-track, ~un=-
orally cquippoi with an 8-om gun oruld firc flcres to 11luminate the targot
normally,

Raports havo oomo in tolling of tha offoctivonoss of thiis ogquipment in
tank warfaro, 4 Gorman tonk outfit, dug in on tho Russien froent on tho de-
fonsivo, succonded in knooking cut 67 Russian tanks in onc night. Fortunntoly,
for us, only ubout 60 picces of oquipmont cut of the 600 ordorod wero notually
dolivorod,
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On the othor side of the size scale was tho "VAMPIR", o riflsemounted
goarchlicht and viownr, thc oquivnlont of our rocently publicited "sniparsocpo®
dovoleped and used by our ground foroos, The cquipmont, olthough hcavier than
ours, did huvo onu nevel fonture, It it to bo romomborod that tho image oon=
vortor tubos draw vory small ourronts, The power supply of tho VAMPIR, built
intc o gns-mask cannistur, madc usc of this fact by utiliring tho charge sterod
in the filter ocendsnsor te oporato tho tubo, The cporaters would simply pross:
& buttcn starting tho vibrater powof supply which in o few scconds would bring
tho charge on on 0,1 mf 15,000-v condensor up to from about 8,000 to 10,000
velts, The churge would thon bo sufficient to cp.rato tho viowor from 5 to
10 minutes, .nothor small viewor dosigned spocifically to spot IR sourcos was
a fairly compact bincoular, Ono sido of tho instrumont was a convontional
prism night glass, whilc tho cthor tubulature of the bincoular contninod a
small BIA. systum, Mabohcd crosshnirs onnbled tho obsorvor to spot the
position of an IR sourcc in rclaticn te the surroundings,

Thon thoro was ancther uso of tho Bildwendlor IR toloscopo that wns
routine with the navy, It wrs tho tronsmittini of intelligonoc via IR blinker
signrls, Yiith lorge scurchlipghts cnd rolatively ecmpncot viowors, the raonge
wos just ~bout as gront ns with visual 2isht, 4 typicnl small blinker instale
laticn is shown in the noxt slido (18a), H:ro is tho piecturc of a small IR
signel lamp 2nd cncther picturo ef a largo soarchlight for the samo purposcs
(19e 20a),

Tho frot that IR doos ponctratc haro, and ccertnin kinds of small
porticlo dusts and smoks, mnkos tho TAGESGERAT shown in the noxt picture (21a)
of some valua in deylight, It does inecroaso tho visual range by o faoter
doponding rn tho eonditicn of the ctmosphore, Thnt factor had a vdluo of
only onc during conditions cf fos and lrnrge prticlc smoko, It is to bs
romombored that the near infrarod doos not ponctrate fog nny botter than
visiblo 1isht, T

. A difforent usc of the BILDA.NDLER was tho passivc dotcction of niroraft,
sdroraft enpinosonit nn apnrsoiable anount of onorgy in tho spoctrnl rcgien
whero the imrgo cunvortur tubu cporatos, ospcoially our onginos, since oud
pllots ware ~lmys "pouring on the c2<1" nnd thus ran thoir cnginos hottor
than the Gurmuns, Tho ..DLERGERNTE were tho s:rios of instrumonts that operated
on this principle, In thoso picturcs (23c 2ha 25a) rf tho JDLER II o large
viowor is miunt.d cn a standerd base for cnceman opsration, Tho unit was usod
with scmo sucecss for sunrchlijht dircoticns Tho nzinuth and oclovation infor-
mation wns trensnittod vie s . 1syn moters tre the soorchlicht diroctors.

incthar vorsicn is the twe-man operatad unit showm in tho noxt picturos (26a
278 28z)e Ono cpurntor trucks in uzismth whilc the othor tracks clovation,

The bincecul:rs arv n praocauticn rgninst tho possibility of confusing the
respunst from ¢ slar for thet fros .. plaunoe In fact this is cno of tho wenk=
nosses <f this systom, Trirrd the oni of tho var omphasis was placod on heat
detootcrs using PbS culls ruathur thun BIW. d viens, It might bo pointed out
that careful shislding of ths oxheust wruld cut dewn the range of this systom
tromendously, f-r 2 lomor axhaust tump.rature would place thc onergy cut of

tha spcotrnl ranc: of tho imr i:e-ccnvortor tubu, This foct nlono mokos tho

locl sulfiic typo of Aotcetiozn almost impaurntive, g
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Perhaps some of you havo wondered about the vary largs objsctives
that aro usod on tho big install~tions, Thoy are large aperturs, long
fooal longth, high quality objuotives mnde by Zoiss, Loitg and Busch,
Lporturos of £10,65 with 15 om foonl length, and f11,5 at 4O om fooal length
wera usod along with "slower” lenscs, somo evon as sloi” As fs2, Most'of
thom wero antiroflootion coatad for tho 1.1 mu rogion. I'm showing the noxt
ploturo, a oross soction of an ADLER BIMA, eimply tc show that the:objoctives
woro not ono=or two-element lenmcs, Noedlees to say o f11.5, LO om lens was
not one to orrry around on ysur oandid onmera,

Now lot us considor in briofesurvey foshion some of the othor interos=
ting infrarod compononts,

I montioned just o moment apo thut as' far ns oiroraft dotsotion goes,
tho PbS co0ll was roplaeing the imngo-invertor instrument, Dr, Weiho will go
into dotail on the oporation of units liko that in his discussion of Kiol IV,
Tho BII shown horo is a gomoral oxample of this type of equipmont. & mirror
systom scans a fiold of view on a PbS cell, The pattorn is ropoatod by tho
seanning of tho oluotron beam of a outhode ray tubo, Tho signal prcducos Z
axis modul::tion, Other indiontion mothcds have also beon usod, In this
particular systom, scanning is ncoomplished by tho spiral motion of o planc
nlaccd 1/2 the foonl lungth frem tho parabolio collocting mirror and the o8llg.

This is rbout ne clcsu 68 the Gormans camo to an infrarcd radar device
for aircraft uso. It was poesiblo to dtoct planes, to track thom accurately,
and to pacs on t:is inforantion to the soarchlight control centors It did nob
give an indicstion of rengo, Tho srdincry rodar tochnicaue of pulsing enorgy
ond timing *ho insarwvn) during onergy tronsit wos triod but fcund wantinge
a8 Dr, Fiscror will discuss lator, ogainst larzor targets, somo moasuro of
sucoess was achiasved,

To eupply tho missing rango information attempts te utilizo optieal
rungefindor tochniquos with tho various hcat dotoctors wero made, but too
many diffioultios oropped up. Tho idea, however, cof dotccting and reanging
possivoly aroinst a terpet is o promising ono, and with tho imprcvoment of
componunts and tochniques will ne doubt bocome well ostoblishod,

Ld

Tho W.AMEPEILGER.TE or WPG woro similar to the other doviocs mentionod-
an that thay waro hoat datoctors usod tc d9took-a body at highor temporature
thon its surrcundings. Tho gonoral schomo was simply to plece a bolrmotor of
thormocouplo ut tho focus of ¢ parabolic mirror and to pnn the oquipment slow-
ly. Thore was no socanning in tho gonse that wo usually think of it because of
tho long timo ocmatant of tho dotocting oloment, Wo will hear more about
the thoory and oparntion c¢f thls typo of oquipment in a lator papor,

Thorc woro many nttompts to dovolop a honteeooking missilo, LINSE ef
Zoiss and WASSERWALL woro two such doviocos, Thoy wore nover notually used but
woro in tho laost stcgos of dovolopment whon tho timo ron oute A FbS coll was
gonorolly usod sand tho ra-licuion from tho hoat scurco was intorruptud by a
cheppor disk to produco n roadily nmplifinblo signal, WASSERFALL had two
ovaorlapping chopping disks with thoir conters displaced so that at the boam
aporturo thoir tansonts are st 90°, Thus with two sots of poriphiel mciula-
tion tracks, four distinc: modulnticn froquenoios are produced in tho four
quadrants, Thgse aro tho venountionnl Cartosion quondrants disploced by o
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rotation of L5°, Soloctivo amplifiors food a propertional control oircuit,
and tho missile will fcllow o "dog curve™ courso, LINSE is similer, but sinco
it was to bo applicd to a solfestoorod bont it noodod enly right and loft
ocntrole & singlc disk with two periphial tone trooks divided the fiold into
two arons with distinot frequonoios, Either mirror or rofrooctivo optios wers
usod for thoso arpliontions,

Tho matoriol for the rofractive oloments might be of oonsidorablo
intorost, Tho G:irmans had doro a groat doel of work on synthotio orystals
oxhibiting intorosting transmissicns oharactoristics, Silver chloride
and silvor bromido orvstuls wzrs known undor tho oode namss of KRS 11 to 13,
KRS 13 being o mixturo of tha two silvor helides, Tho oxtromely interosting
cnoe wore tho KRS oryvetnls numborod bolow tsn, They wore tho thallium halides
and woro oxtormoly toxio, KRS 5 is espooinlly intorssting booouso of its
oxocollont transmission in the infrared rogion, . ourve of tho tronamission
vs wavolongth is s>cwn in tho naxt slido, This groph camo from a Gorman
ronort, Soveral laboratorios in this country are chocking ths oharoctoristics
of tho mrtorinl, but wo hove no roason to doubt that this is not an accurato
reprosentetion, Tho matorial 4s pink ond has a slightly groator hordness thon
N¥aCl, Plat.os up to 10 em in 4iomotor wore turnod out, The matsrial was elso
usad to make oompound lonsos for various hootesoeking devioes, Tho optiocal
oomponents wore ocrtod for climinction of rofloction lussos, The indox of
rofraction of KkS 5 is nround 2,4 KRS 6, a oloor matorial, had an index of
242 ond did nct transmit out quito as fer into tho infrarod. Tho KRS matorials
wiro dovolepad end turnod out by Smakula ot Zoiss in Joun,

So for I havo sald nothing of filtors, Tho Gormnns followod abcut the
san3 prltor: as wu did in this oountry, Orgnnio doposits cu tomporod glass
woro Lno standord filiurs, Thoy wore falrly officiont end it wus feolt that
for ull criinary IR opplicntions they woro porfootly satisfoctorye

C-.rl Zoiss ond Schottv Glass Works hod devolopod n lino of intorferonco
filtors shot wore enpnble of ziving oxtromoly norrow bande-pass charactoristios,
With thos. filtcrs 3t wms passiblc to 1solate cortoin spoctral bands, to proe
duece preotionl fi1turs having vory stoop transmissiomn ocurvss, ond oven to
sirulrte tha tronsmdezion characteristios of the ntmosphere,

Ono noro epplieation that might bo of interest, the wnrious types
of LICHTSPRECHER or 1i:ht besm tolophcnos, Thero wes nething redlly now horu,
Throe sokomos of mookanical modulntion .woro usod bosides an olootriocol
mothod, Tho mochunicnl muthods usud weres (a) a rooking prism schumo thot hos
boun oxplained ia dot'.il in %ochnienl jcurnale in:this country, (b) a prism
grid that wes onpoble of 100% madulation, and (o) an cpagquo~grid mothod, The
oloctrical modulntad LICHISTRECIIR usod o higheprossure moroury arec as a light
scureo, 11 of tho rocoivors usod cithor n thallofide ooll or (lator) a PbS
ooll,

Thoro ore sevorol othor IR itums of intorost that I could discuss, but
my timo iz limitod, It vas cxtremoly diffioult to docido whot should bo
ineclnuod oni what might bo cnittod, I hopo thot I hove suocoddsd in my
atbtompt ¢t givo you n sonornl pioturo of tho oquipmont and tho usos to whioch
infrarod rrdintion was put by tho Girmans, Tho othor spoakers on ths program
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this storncon will go moro anto tho toohmical dutoile of ocertain phasos of

tho program, end if my talk has given you o gonoral sneight of the situation
no_‘.lallgut you oon fit the individudl piocos into a oloar undistortod pieture,

. ghbi 1t has ssrved its purposoe
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